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ABSTRACT
Several species of oceanic squids are believed to occur in the South China Sea, especially
off the west coast of the Philippines.  Sthenoteuthis oualaniensis was one of the species that
dominated the catch during the research survey off western Philippines in April to May 1998.
Preliminary study was carried out on some biological features of Sthenoteuthis oualaniensis,
particularly on maturity pattern, sex ratio and stomach content.  There was a similarity in maturity
pattern throughout the study areas with the same proportion of mature and immature squids.   In
all  stations, the female squids out numbered the male and the size of the female was general
bigger then the male squids.   ML50% of female was estimated to be at 175 mm while range of
mature female was between 110 - 240 mm.  Fish and cephalopods were the most frequently
occurring prey  taxa  found in the diet of Sthenoteuthis oualaniensis, contributing   between 37%
- 46% and 30% - 43% respectively.  Identification of prey taxa especially to species level was
strictly limited, due to lack of proper references and understanding of the nature of fish species
composition within the study areas.  Results discussed in this paper may serve as early information
for future biological study on S. oualaniensis.
Key words:      Sthenoteuthis oualaniensis, maturity pattern, diet,
                         stomach content, Philippines.
Introduction
Sthenoteuthis oualaniensis known as purpleback flying squid of Family Ommastrephidae
is  an oceanic squid widely distributed in the western Pacific and Indian Ocean.  It covers
throughout tropical and temperate waters of both the northern and southern hemispheres (Roper
et al., 1984).     It is known to carry out diurnal vertical migration between the surface at night to
the deeper layers during the day.  Sthenoteuthis oualaniensis in one of the oceanic squids occurring
in the Philippine waters beside other common oceanic squid species such as Nototodarus
philippinensis and Todarodes pacificus.  Information on its biological features and ecological
aspect such as stock structure, age span, spawning season and spawning grounds are still lacking
compared to Todarodes pacificus which  has been studied since late 1910s (Tioda, 1915).  The
fishery status of this species is also not known and not well documented, especially on monthly
and annual landings and effort data.  In the Philippines, oceanic squid fishery is practiced on a
small scale and most of these squids are of  relatively low market values.
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The use of research cruise data to study the  biology and the distribution  of the squids
have widely been used in other areas especially on Loligo forbesi ( Holme, 1974; Collins et al.,
1995).  However, since most of the squids are mobile and migratory species, their abundance
and distribution in certain areas will need survey data from  several cruises.  From  survey data,
analysis  on stock assessment on squid fisheries can be used e.g. to provide recruitment indices,
real time indices of adult abundance, or direct estimates of adult stock size (Lange and Sissenwide,
1983; Okutani and Watanabe, 1983). To date, no information on biology and abundance of the
S. oulaniensis off the Western Philippines based on the survey data analysis  is  available.
The objective of this study was to preliminarily determine some basic biology of
Sthenoteuthis oualaniensis based on the data collected from the research survey by the M.V.
SEAFDEC.  It included studies on sex ratio, length weight relationship, cohort and maturity
patterns of the squids and the stomach contents, major prey composition by areas.  Knowledge
on the change in distributions of the oceanic squids with respect to time during the research
survey was also very important in the study of their biology but this aspect was covered by
another paper.
Materials and Methods
Samples of the squid were collected using the MV SEAFDEC along the west coast off
Philippine waters, beginning at the first station in 1200 00’ E 200 00’ N and finished at the last
station in 1190 09’ E ,120 47.6’ N. (Fig.1).  The cruise took place from the beginning of April until
the end of May 1998.  The samples were caught using 4 automatic jigging, operating at difference
depths ranging from 80 m to 120 m onboard the MV SEAFDEC.
The squids obtained from the sampling were sexed and measured their dorsal mantle length
to the nearest millimeter.  An initial body weight of individual squids were taken using spring
balance to get an estimated body weight.  For the maturity samples, after  measuring  the  DML
and body weight,   the  samples were kept in the ice room at -20oC for further analysis in the
laboratory.  Samples for stomach content study were taken onboard.  The squids were immediately
dissected after measurement of ML and body weight.  The stomach contents were removed,
their fullness (0-4) estimated, using subjective scale (O, empty; 1, one-quarter full, 2, half full;
3, three-quarter full, 4, full).  The stomachs were then stored (-20oC) for further laboratory
analysis.
In the laboratory, stomachs were thawed and washed in tap water over 0.35 mm sieve.
Prey remains were then examined under a binocular microscope and presence and absence of
major prey taxa were, noted.  The remains for fish included  bones, otoliths, scales, eye-lenses,
skin and flesh while for cephalopods, the remains were beaks, arm suckers, gladius, flesh, skin
and eye-lenses.  For crustaceans, the remains usually consisted of fragments of exoskeleton, and
pinkish eyes.  Fish otoliths, selective fish bones, pieces of crustacean exoskeleton and sucker
rings of cephalopods were removed and kept in dry bottle for further identification.  Fish species
identification through  otoliths was limited as source of reference for fish species from the
otoliths was unavailable unlike in cases such as those from the North Sea fish species (Harkonen,
1986), fish jaws and vertebrae (Watt et al., 1994) and for cephalopod beaks (Clarke, 1986).
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Fig. 1.  Sampling stations on the South China Sea : off Western Philippines.
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The maturity stages of male and females were assessed using a maturity scale of five
stages (Boyle and Ngoile, 1993a) and maturity indices calculated as follows; for female maturity
index, ML = NGL / ML where NGL is nidamental gland length (Durwad et al., 1979).  The
NGL/ML ratio was recommended as the best index of maturation for population studied because
it is easily determined, continuously variable (and can therefore be easily and meaningfully
averaged) and well correlated with other development events.  For male, MI = HL / ML where
HL is the proportion of arm length hectocotylized (Schuldt, 1979) is recommended instead of
spermatophore length which tends to increase with squid length.  Gonadosomatic index GSI
was also calculated as GSI = GW / BW x 100 where GW is gonad weight (Guerra et. Al., 1992).
Results
Sex ratio
Fig. 2 shows the sex composition of Sthenoteuthis oualaniensis caught in the waters off
western Philippines.  The number of females outnumbers the males in most of the stations.  The
variation in number caught between both sexes were so significant that in certain stations less
than 10 males out of the total number were caught.  The whole population seemed to be dominated
by females, which have has much longer mantle length than male showing a natural sexual
dimorphism of this species.
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Fig.  2. Difference in sex compositoion of S. oualaniensis caught during the survey in the waters off
Western Philippines.
Length-weight relationship
Regression analyses were carried out on Sthenoteuthis oualaniensis on 1239 and 298 female
and male samples respectively (Fig. 3).  Regression on both male and female were significant (P
< 0.001) and the coefficient of determination of female was higher that male (r2 = 0.971, female;
r2 = 0.849, male).  The slope of female (3.1029) was slightly higher than male (3.04225) but did
not show significant difference between sexes, indicating a similar increase in weight with
increasing length.
Length frequency distribution
The smallest size of the squids caught by automatic jigging was 90 mm for female and 101
mm for male respective.  These are the sizes being recruited and entering the fishery along the
West Coast of Philippines waters.  Fig. 4 shows length frequency distribution of male and female
S. oualaniensis during the survey period.  At all the stations, the female quite obviously showed
the presence of more than one cohorts.  However, in male it seemed to show only one cohort
present in every station.  The number of male samples was too small to show any obvious mode.
The biggest male and female squid caught during the research survey in were 197 mm and 249.5
mm respectively.  Overall mantle length average of the male and female S. oualaniensis were
126.17 mm and 154.17 mm respectively.  It seemed that the length of the largest female was
almost twice the size of male squid.
Maturation
Table 1 shows the maturation process in females which can easily be observed through
morphological features, the nidamental gland to mantle length ratio (NGL/ML) and the ovary to
body weight ratio (OW/BW).  The NGL/ML ratio seemed to be more distinct to categorize the
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Table  1:  Characteristic of the maturation stages in female Symplectoteuthis oualaniensis
Maturation Range of Ranges of Ranges of Ranges of
stages NGL/ML NGL (mm) OW/BW OW (g)
I m<=0.1 9 - 12 m <=0.003 0.12 - 0.6
II 0.1 < m <=0.15 14 - 23 0.0015 < m <= 0.015 0.4  - 1.3
III 0.15 < m <= 0.25 22 - 40 0.006 < m= 0.04 0.8 - 7
IV 0.25 < m <= 0.4 30 - 80 0.01 < m <= 0.12 3 - 50
V 0.4 <= m 65 - 120 0.13 < m 20 - 66
Table  2.  Percentage of squids at different stomach fullness and relation to mantle length range.
Station
Stomach 27             30A             30B
fullness % ML range % ML range % ML range
(mm) (mm) (mm)
0 14.81 117 - 212 1.96 175 17.39 120 - 186
1 5.56 117 - 173 37.25 110 - 210 28.26 116 - 188
2 16.67 113 - 179 31.37 116 - 192 32.61 124 - 182
3 31.48 113 - 185 19.6 120 - 210 15.22 120 - 200
4 31.48 115 - 224 9.8 158 - 220 6.5 164 - 178
n 54 51 46
maturity stages of the female squid.  The mature squids were counted as those above stage 3 and
evaluation was a combination between Maturity Indices and visual observation.  Fig. 5 shows
the maturity percentage of male and female squids along the West Coast of Philippine waters.  In
all the stations, except station 9, the mature and immature females were equal.  However, in
male the mature and immature seemed to vary significantly in many stations except for station
14.  Since the number of male samples was small, it was unable to note any distinction between
different maturity stages.
ML of mature females was range from 110 - 240 mm and the female reached the mean size
of maturity (50% ML) at 180 mm (Fig. 6).  A single mode in the length frequency distribution of
the mature female suggests that the spawning of the female only occurred from single cohort
and single rate.  Although there were small mature females, the mode was not obvious.
Stomach contents
Table 2 shows the percentage of stomach fullness in Sthenoteuthis oualaniensis from three
different stations.  It seemed that the percentage of squids having empty stomach were relatively
higher in station 27 and 30B and only single squid in station 30A.  The percentage of full stomach
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Fig. 3. Length-weight relationship for male and female S. oualaniensis.
were very low in stations 30A and 30B but higher in station 27.  Size ranges and stomach
fullness relationship seemed not to show any pattern.  This shows that feeding intensity is not
influenced by the size of the squids, an indications that size is not an important factor.
The major prey groups found in the Sthenoteuthis oualaniensis diet were fish, cephalopods,
crustacea and others.  Fig 7 shows the occurrence percentage of these major preys in the diet of
Sthenoteuthis oualaniensis.  Generally, in all the stations, fish and cephalopods were the major
components of the preys.  Many of the stomach contents consisted of mixture of fish and
cephalopod, thus giving high percentage of their occurrence in the diet.  Otoliths, eye-lenses,
vertebrae and bones of fish, fragments of exoskeleton and appendages of crustaceans, cephalopod
beaks, lenses, gladii were found.
Identification of preys to the lowest taxa using otoliths for fish and beaks for cephalopod
was quite limited.  Many of the references are related to the North Sea and temperate species
such as otoliths guide (Harkonen, 1986), identification of cephalopods through beaks and statoliths
(Clark, 1986) and crustacean through main exoskeleton fragments such as telson, rostrum and
spination (Lagardere, 1971:  Smaldon, 1979).  Therefore understanding the nature of species
composition of fish, cephalopods and crustacean found in the study  areas will help to identify
preys to the lowest taxa.
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Fig. 4. Length frequency distribution of male and female S. oualaniensis caught in the South China Sea
off Western Philippines.
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Table 3 shows the frequency occurrence of  the preys found in Sthenoteuthis oualaniensis
stomach contents. Certain fish species such as Trichiurus sp could be identified through  its
silvery content of the stomach.  Number of otoliths in the stomachs helped in the estimation of
the number of fish preys.  The highest number of otoliths found with different sizes was 18.
Eye-lenses of fish and beaks were also commonly found.  Fish lenses are normally round compared
to squid lenses which are hemispherical semi-circular.  Identification of cephalopods species
was mostly through sucker rings.  If the stomach contents only consisted of gladii or beaks they
would therefor be referred to as other possible cephalopod species, especially ommastrepids
(Nototodarus philippinensis and Todarodes pacificus) that were  found in those areas.  The
presence of copepods in some specimens was high.  And the common species were Calanus and
Labidocera spp. A number of gastropods and bivalves were also found in the stomachs.
Table  3.  Frequency occurrence of the preys found in the stomach contents
Frequency accurrence
Taxon Station
27 30A 30B
Fish  (Total) 27 37 33
  Trichiurus sp 1 2
  Gobidae 3
  Clupeidae 6 3 5
  Carangids 2 3
  Unidentified 18 31 23
Cephalopoda (Total) 31 27 25
  Sepia sp 3 4 1
  S. oualaniensis 15 10 11
  Ommastrephids 3 4 5
  Unidentified 10 9 8
Crustacean  (Total) 9 13 15
  Decapoda 3 3 4
  Isopoda 1 2 1
  Euphausiidae 2 4 2
  Calanus sp 1 2
  Labiddocera sp 2 2
  Oncaea venusta 1
  Unidentified 1 2 4
Other Mollusc (Total) 5 2 9
  Gastopod 3 1 6
  Bivalves 2 1 3
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Fig. 7. Occurance percentage of the different prey groups in the diet of S. oualaniensis caught in the
South China Sea : Off Western Philippines.
Discussion
Equal percentage of mature and immature squids that were caught from all sampling areas
may indicate that the month of April to May was not peak spawning period.  There may be an
indication of constant recruitment of mature squids.  It also explains the extended reproductive
season where the presence of mature-maturing squids occur  over  a long period.  It could be
similar to myosip species such as Loligo  forbesi which has a prolonged spawning season and
with less clear peaks (Lum-Kong et. al., 1992; Collin et. al., 1993a).  But small number of
samples used in the maturation study may not end in sound conclusion.  However, time series
sampling on land based study may assist in precise determination of the spawning period and
pattern of the species.  Similar maturity pattern that had been shown throughout the study areas
suggested that possible population migration to search for particular areas for spawning purpose
is not happening in this species.  Since the species is known as diurnal vertical migration species,
it may be possible that spawning activity occurred within their population areas.
Small number of males does not effect the spawning process. A fully matured male will
mate with several females (OÕDor, R.K., 1978).  Thus, it is tentatively concluded that males both
recruit to the fished population and disappear from the fished population earlier than females.
Cannibalism could serve as another factor as to the low number for male squids.  Smaller mantle
sized males than female squids tent to make smaller males as the likely victims.  Amaratunga
(1980b) found out that in lllex illecebrosus, cannibalism appears to be an important element in
the life cycle of the species.  In nature it increases as total feeding decreases, and the largest
squids are the most cannibalistic. Starvation about three days are needed to induce cannibalism
and single victim may be divided between several cannibals (OÕDor et. al., 1980a).
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Evaluating and identifying the diet composition of the stomach contents always face various
difficulties (Hyslop, 1980; Pierce and Boyle, 1991).  In cephalopods, the difficulty  includes
partial ingestion, fragmentation and rapid digestion of preys.  Identification of fish preys in
always associated with otoliths, vertebrae, bones and scales and this has enabled for more precise
and quick detection of the main groups of fish eater.  Identification of otoliths and bones from
very small fish is particularly difficult due to different morphological appearance of small fish
compared to a fully formed fish.
Fish and cephalopods were the two most frequently occurring prey taxa in the Sthenoteuthis
oualaniensis diet.  This happened at all the sampling stations and had further  verified possible
higher cannibalism happening among the S. oualaniensis population.  In term of species
composition of the diets apparently, there were no distinct variation between these three sampling
areas except at station 27 where the occurrence percentage of cephalopods exceeded the fish
species.
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